The electronic structure of LaFeAsO was analyzed by tight-binding band calculation based upon the normal and shrunk lattices. A strong Fermi surface nesting was found in the normal LaFeAsO, while most of the nesting area was disappeared in the shrunk LaFeAsO. It was found, therefore, high pressure atmosphere is required to become a superconductor for LaFeAsO by suppressing the SDW (spin density wave) state through the disappearance of the Fermi surface nesting.
Introduction
After the report of a high-T c superconductivity with T c = 92 K in YBa 2 Cu 3 O 7-d , 1 new families of high-T c copperoxide superconducting series A m B 2 Ca n-1 Cu n O 2n+m+2 (A = Tl, Bi, Hg; B = Ba, Sr; m = 1, 2; n = 1-4) have been found. [2] [3] [4] [5] All of these copper-oxide superconductors contain perovskite CuO 2 conducting layers and rock-salt A-O layers as their structural building blocks. The m values are 1 and 2 when these compounds have single and double rock-salt A-O layers, respectively, while the n values define the number of CuO 2 layers in a unit cell. The T c 's of these superconductors ranged from 92 K to 135 K depending upon the A element and the number of CuO 2 layers. Along with the research on the copper-oxide superconductors, extensive research efforts have resulted in discoveries of variable non-cuprate superconductors. [6] [7] [8] However, the T c 's of non-Cu-based superconductors have not been raised above 23 K which is the T c of the classical alloy, Nb 3 Ge.
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Recently, Kamihara et al. reported a new Fe-based oxypnictide superconductor, LaFeAsO, whose T c is about 27 K when small amount of oxygen was doped with fluorine.
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This finding triggered extensive study on the iron-based oxypnictide superconductors, and resultantly the T c 's of REFeAsO (RE = rare earth metals, Nd, Sm, Pr, Ce) were very rapidly enhanced to above 50 K when La was substituted with smaller Re elements. It was, therefore, resonable to call these series of materials as the member of another high-T c family.
11 In spite of the success to exhibit the high T c , the oxypnictides REFeAsO require at least one condition to become superconducting phases. This is the synthetic route of preparing these materials at high pressure up to 4 GPa, and/or F-substitution for oxygen up to 11 atom %. The high pressure synthetic method directly results in the shrinkage of the crystalline lattice, which means that Fe-As and La-O bonds in REFeAsO become shorter. The substitution method contributes in two ways; one is that the substitution of O 2− with F − is nothing more than adding charge carriers into the compound, and the other is the reduction of lattice size by doping with smaller size ion. Whatever the method is adopted, the lattice shrinkage is occurred. For the undoped REFeAsO synthesized at ambient atmosphere, a spin density wave (SDW) was observed at low temperatures by neutron diffraction studies. 12, 13 Ren et al. reported that the F-doping at the oxygen site suppressed the SDW ordering, thereby leading to the compound become a superconductor. 11 The oxygen defficient phases, REFeAsO 1-d were also reported to become superconductors when they were prepared at high pressure.
14 The shrinkage of the crystalline lattice of these compounds by introducing high pressure up to 4 GPa further enhanced the superconducting transition temperature.
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In this presentation, the reason why LaFeAsO exhibits superconductivity only when high pressure is applied, will be analyzed by examining the relationship between the lattice parameters and the electronic properties of LaFeAsO. The electronic property will be analyzed by calculating the electronic structure of this compound.
Structure of LaFeAsO. The quaternary LaFeAsO phase is tetragonal with the space group of P4/nmm. The lattice parameter of this compound at room temperature is a ions. Also the smaller lattice parameters of this compound prepared at high pressure are understandable. The structure of the LaFeAsO compound is constructed with alternating La-O and As-Fe layers along the crystallographic c-direction, as shown in Figure 1 . The La-As and La-Fe distances are 3.38 Å and 3.73 Å, respectively. These rather long distances indicate that it may be difficult to be an electron path along this direction. La-O layer runs along the a-and b-directions with the La-O bond distance of 2.367 Å as illustrated in Figure 2 . Each oxygen atom bridges two La atoms along the a-direction and along the b-direction. Each La atom is connected to two bridging oxygen atoms along the a-direction, and another two bridging oxygen atoms along the b-direction. In an As-Fe layer, tetrahedrally coordinated FeAs 4 units run along the a-and b-directions by sharing their edges as shown in Figure 3 . The As-Fe bond distance is 2.412 Å along both directions.
Computational Method. Electronic structure calculations were performed by the extended Hückel method 16 within the framework of tight binding approximation. 17 Density of states (DOS), crystal orbital overlap populations (COOP), and the Fermi surface were calculated based on the given crystal structure of LaFeAsO at room temperature and on the model structure representing the shrunk lattice by 2% from the original room temperature structure. For simplicity, hereafter, the normal and the shrunk structures will be referred to as n-LaFeAsO and s-LaFeAsO, respectively. The atomic orbital parameters [18] [19] [20] employed in the calculation were the default values in the CAESAR program, 21 which are listed in Table 1 . The band structures were calculated along the special lines connecting the following high-symmetry points: G (0,0,0), X (0.5,0,0), Y (0,0.5,0), M (0.5,0.5,0), and R (0.5,0.5,0.5) in terms of the reciprocal basis vectors.
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Atomic and bond populations were evaluated via the Mulliken population analysis. 23 Within the Brillouin zone of the cell, 512 irreducible k points were selected.
Results and Discussion
The total density of states (DOS) and the projected density of states (PDOS) calculated for the La, Fe, As, and O atoms in n-LaFeAsO and s-LaFeAsO are shown in Figure 4 (a) and Figure 4 (b). The PDOS of La atoms is not shown for clarity of the figure since the contribution from La atom is almost zero within the calculated energy region. Basically, two data are almost similar so we focus on the analyzation of Figure  4 (a) only. The vertical dashed line represents the Fermi energy of the compound. The solid line represents the total DOS of the compound. The dashed, dotted, dash-dot line represents the contribution of Fe, As, and O atoms, respectively. At the Fermi energy, the DOS values for the compound is not zero, which means that n-LaFeAsO is metallic. This result is consistent with the experimental data that the resistivity of the compound increases with increasing temperature. Upon the general oxidation scheme of La , only Fe 2+ ions create partially filled bands. The metallic property in this compound is, therefore, arises from the iron ions. The PDOS result is consistent with this expectation. At the Fermi energy, the major contribution to DOS originates from Fe atoms. Although not shown, this Fe contribution comes not from the 4s-and 4p-orbitals but from the 3d-orbitals which means that electrons in Fe 3d-orbitals are most important charge carriers. Minor contribution from the As 4s-and 4p-orbitals is also observed from the PDOS data. The PDOS of O p-orbitals contributes totally at −15.8 to −14.4 eV, which is well below the Fermi energy as shown in Figure 4 . The major peak for As p-orbitals lies in the region of −14.4 to −13.0 eV, meaning that the oxidation state of As is almost −3. The As-Fe connections along the a-and b-directions are possibly responsible for the conductivity and superconductivity of the LaFeAsO compound. Band dispersions calculated for n-LaFeAsO and s-LaFeAsO are shown in Figure 5 Bands are almost flat along the c-direction in LaFeAsO while they are strongly dispersive only along the a-and b-directions, meaning that the orbital interactions occur only along the a-, and bdirections. Band dispersion curve of this compound, therefore, tells us that LaFeAsO is a 2-dimensional metal. This result is consistent with the structural features that LaFeAsO is constructed with alternating La-O and As-Fe slabs which are repeated along the a-, and b-directions. From the PDOS analysis, the major and minor contribution to the conductivity of this compound comes from Fe and As atoms, respectively. The repeating As-Fe tetrahedra, therefore, act as charge carrier paths by forming strong interactions between arsenic and iron atoms along the a-and b-direction (See Figure 1) . Structurally, the distances between the La-O and the As-Fe slabs are too long to interact, and electrons cannot move through this c-direction.
The Fermi surface of a partially filled band is defined as the boundary surface of wave vectors that separate the wave vector region of filled band levels from that the wave vector region of unfilled band levels. One piece of a Fermi surface may be superimposable, by translating it with wave vector q, onto an other piece of the Fermi surface. In such a case, the two pieces are said to be nested by the wave vector q. A metallic system with a nesting vector q leads to a MetalInsulator (M-I) transition. The electronic instability induced by these Fermi surface nestings may cause the charge density waves (CDW) or the spin density waves (SDW) depending upon how their orbitals are mixed. 24, 25 Let us discuss why a Fermi surface nesting is important in introducing a phase transition by investigating the orbital mixing between an occupied and unoccupied levels. 26 An occupied wave vector k and a unoccupied wave vector k' form an occupied orbital φ(k) and a unoccupied orbital φ(k'), respectively. An orbital mixing between φ(k) and φ(k') produces new orbitals Ψ(k) and Ψ(k'). The extent of the orbital mixing is determined by the energy difference between the original orbitals φ(k) and φ(k'). At the Fermi level, by definition, two orbitals φ(k) and φ(k') are degenerate. Therefore, the orbital mixing between them is significant and so is the interaction energy <φ(k)|H'|φ(k')>. When a Fermi surface is nested by a vector q, the orbital mixing can be performed for all wave vectors in the nested region of the First Brillouin Zone (FBZ). As the nesting area is large, therefore, the amount of orbital mixing is large and so is the extent of interaction energy. This large amount of energy becomes the driving force to change the structure which leads to a M-I transition even at low temperature.
Since five bands are cut by the Fermi energy, five Fermi surfaces can be drawn for n-LaFeAsO and s-LaFeAsO. The band dispersion data already showed that this compound is 2-dimensional along the a-and b-directions, all Fermi surfaces are drawn in the ab-plane of the reciprocal lattice. Carriers responsible for conductivity of metals are those electrons around the Fermi energy. When a certain wave vector direction cross a Fermi surface (e.g., Γ → X in Fig.  6(a) ), there are electrons at the Fermi level having momentum along that direction, so that the system is metallic along that direction. All Fermi surfaces in Figures 6(a) and 6(b) are closed along the a-and b-directions and there are Fermi surface crossing along those directions. Basically, the Fermi surfaces calculated for two structures are similar in shape. Especially, two Fermi surfaces around M point are almost same as shown in Figures 6(a) and 6(b) . However, a striking difference can be found in Fermi surfaces of n-LaFeAsO and s-LaFeAsO around Γ point. There are three different closed Fermi surfaces around Γ point. Let us call these three Fermi surfaces as square-like, flower-like, and circular shapes from inner to outer direction. The Fermi surface of the square-like shape for n-LaFeAsO is well nested with translating vector q 2 , while that for s-LaFeAsO is changed more circular. If we consider the Fermi surfaces of the flower-like shape for both structures separately, they are same. But the set of Fermi surfaces with the flower-like and circular shape makes quite big difference. Many pieces of the flower-like shape can be superimposed to the pieces of circular shape by translating with wave vector q and q 1 in the Fermi surface of nLaFeAsO, while there is no Fermi surface nesting in that of s-LaFeAsO, as illustrated in Figure 7 (a), and Figure 7 (b). In the long run, the Fermi surface nesting phenomenon disappears when the lattice is shrunk.
In the first cuprate high-T c superconductor La 2 CuO 4 , the oxidation state of Cu is exactly 2+, that is, the electron count on copper is d
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. Therefore, the valence band of this system, i.e., the d x 2 -y 2 band of Cu, is half-filled. The Fermi surface associated with this band has a square shape. The strong Fermi surface nesting induced from this shape causes the electronic instability in this compound. Consequently, this compound becomes an antiferromagnetic insulator below 533 K. 27 However, when some of the La 3+ ions are substituted with alkaline earth ions A 2+ (A = Sr, Ba), the Fermi surface nesting disappears and the resulting material La 2-x A x CuO 4 [for which the oxidation state of copper is +(2+x)] becomes a metal and reaches a superconducting state at ~40 K. 28 Likewise, the suppression of the Fermi surface nesting in the shrunk lattice obtained by applying high pressure and/or substituting oxygen ion with smaller fluoride ion, is crucial to become a superconductor for LaFeAsO.
Conclusion
The oxypnictides, REFeAsO (RE = La, Nd, Sm, Pr, Ce) are reported to show relatively high superconducting transition temperature when these materials has shrunk lattices. The reduced lattice can be achieved by applying high pressure atmosphere and/or the substitution of oxygen ion with a smaller fluoride ion. That is, the reduced lattice is inevitable to show the superconductivity in these compounds. The band electronic structure calculation data show that a strong Fermi surface nesting was found in the normal LaFeAsO, while most of the nesting area was disappeared in the shrunk LaFeAsO. It was found, therefore, why high pressure atmosphere is required to become a superconductor for LaFeAsO. This result is consistent with the experimental data that the insulating spin density wave state can be suppressed by applying high pressure on LaFeAsO, or substituting O 2− ion with smaller F − ion to shrink its lattice parameters.
